costs, instruction in techniques for safe load handling has been advocated." It is generally accepted that the squat technique for handling loads, as opposed to the stoop technique, best minimizes the risk of low back injury. 9 .1° There are, however, varied positions that the low back and pelvis can assume while performing squat techniques, and controversy exists as to the optimal alignment. Theories have been proposed as to the safest squat technique, but to date, no one This study was sponsored by a grant from the American Back School and was presented at the method has been shown to be more Sixty-Secontl Annual Conference of the American Physical Therapy Association; June %12, 1986; effective than any other in preventing Chicago, 111. LBp.11.12 is aligned in an anterior tilt (AT). Advocates of this technique contend that it minimizes stretch on the posterior elements of the lumbar spine and thereby decreases the stress on these structures. In addition, maintaining the normal lordotic curve throughout lifting and lowering results in a load being sustained on a relatively rigid lumbar spine. Consequently, the lumbar spine may incur less stress and better stabilization if an AT is maintained. A second type of squat technique is that in which the lumbar spine is aligned in kyphosis and the pelvis is in a posterior tilt m. Support of this technique originally arose for this purpose, thereby providing dynamic abdominal bracing. l8
In a previous study in our laboratory,l9 the AT lift (referred to as a from the observation that increased lordosis appeared to be related to LBP.14 Recent literature,'SJ6 however, suggests otherwise. Theoretically, in the more kyphotic style of lifting, the flexion moment is minimized by tension in the posterior ligaments and lumbodorsal fascia,l7 whereas the erector spinae musculature remains relatively quiescent. The decreased erector spinae muscle activity should result in less compressive force to the posterior elements of the lumbar spine. Furthermore, in addition to the hip extensors acting to maintain the posterior pelvic tilt, the oblique abdominal muscles could be recruited Flgure 3. Lumbar spine and pelvic alignment in posterior tilt squat.
- "back-bowed-in lift") was compared with a squat lift in which the lumbar spine was aligned in relatively less lordosis with no attempt to maintain an anterior pelvic tilt (referred to as a "back-bowed-out lift"). Results demonstrated greater erector spinae muscle activity during the back-bowed-in lift as opposed to the back-bowed-out lift, particularly during the crucial initial period of the lift when the stress on the low back is maximal.20~21 In contrast to the pattern of erector spinae muscle activity, oblique abdominal muscle activity was greater in the initial portion of the lift than in the later portion, regardless of the lifting style. Furthermore, there was no significant difFerence in the amount of oblique abdominal muscle activity between the two styles. Because we believe that the recruitment of trunk musculature during lifting is crucial in minimizing the stress on the inert structures of the lumbar spine, we concluded from this study that the back-bowed-in (or AQ position provided the optimal muscular support for the lumbar spine when handling loads. We based our conclusion on the following. Erector spinae muscle recruitment is important in counteracting the bending moment in the lumbar spine during the initial portion of the lift. Without activation of the erector spinae muscles, and the resultant loss of the lordotic posture, the bending moment would then be counteracted by the noncontractile elements of the lumbar with potentially damaging consequences to these structures. In addition, the erector spinae musculature may play a role in counteracting the deleterious anterior shear forces at the lumbar spine produced by the weight of the upper body and the 10ad.~3 Furthermore, it has been suggested that oblique abdominal muscle activation may provide support to the lumbar spine by (1) enhancing the retinacular maintain the pelvis in a posterior tilt. Furthermore, although the lumbar spine may potentially be injured during lowering of loads, there is a lack of information on the events associated with lowering loads. An added element of this study, therefore, was an examination of lowering of loads. The purpose of this study was to examine the effects of two different alignments of the lumbar spine and pelvis (AT versus PT) and three different loads on the electromyographic (EMG) activity of the erector spinae and oblique abdominal musculature during both squat lifting and lowering.
Method

Subjects
Fifteen healthy subjects (3 men, 12 women), ranging in age from 20 to 33 years (%=24.6, SD=4.05) participated in this study. None of the subjects had a histoly of either significant episodes of LBP o r pathological conditions of the knee. Participants were recruited - bottom of the crate to indicate the beginning of the lift and the end of the lower, and a single-axis electrogoniometer built in our laboratory was secured to the subject's hip. Information from the goniometer was used to indicate the end of the lift and the beginning of the lower (Fig. 1 ). These data were recorded o n the pen recorder.
Procedure
Before application of the EMG electrodes, the skin at the placement site was rubbed with alcohol and slightly abraded to ensure good surface contact and to reduce skin resistance. Pairs of electrodes were applied bilaterally on the skin surface overlying the bellies of the lumbar erector spinae muscles at the W-4 spinal level and the oblique abdominal muscles midway between the 12th rib and the iliac crest. The interelectrode separation for each pair of active electrodes was 2 cm. A ground electrode
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Subjects were randomly assigned a sequence for performing the squats, starting with either the AT or the PT style. Both styles of squat were performed with each of three loads. A light load was the 0.9-kg crate only, a moderate load was the crate containing 6.8 kg of disk weights for female subjects and 11.4 kg of weights for male subjects, and a heavy load was the crate containing 13.6 kg of weights for female subjects and 22.7 kg of weights for male subjects. The weights selected, which were deemed submaximal loads for all subjects, were in accordance with safe and acceptable limits set by the Industrial Iabor Organi~ation.~~ Subjects performed the squat lifts and lowers at their preferred rate, completing two repetitions for each load for each type of squat condition.
- Based on the total duration (as determined by the pressure-sensitive switch and the electrogoniometer), both the lift and the lower were divided into two equal phases. The EMG activity of the erector spinae and the oblique abdominal musculature was then quantified by manually digi- and the pelvis is aligned in a posterior tilt will be referred to as the "posterior tilt (PT) squat" (Fig. 3) .
for each pair of active electrodes was applied to the nearest bony prominence (on the lower thoracic spinous processes for erector spinae muscle electrodes and laterally on the 10th ribs for oblique abdominal muscle electrodes).
To determine a percentage of maximal EMG activity during the activity, the subjects performed maximal voluntary isometric contractions (MVICs) of both the erector spinae and oblique abdominal musculature. The MVIC of the lumbar erector spinae muscle group was obtained by having the subject execute an upper torso lift from the prone position with arms out to the side while resistance was applied to the shoulders bilaterally. The MVIC of the oblique abdominal muscle group was obtained by having the subject perform a partial sit-up from the supine position with knees straight and arms straight in front of the body while resistance was applied to the shoulders bilaterally. The positioning used to determine the MVICs was chosen based on our experience during pilot research.
The axis of the electrogoniometer was placed at the level of the greater trochanter on the subject's left side. One arm of the electrogoniometer was aligned with the longitudinal axis of the trunk and secured with an elastic bandage, and the other arm of the electrogoniometer was aligned with the longitudinal axis of the thigh and secured with an elastic bandage.
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The squat lifting and lowering technique in which the lumbar spine is aligned in normal lordosis and the pelvis is aligned in an anterior tilt will be referred to as the "anterior tilt (AT) squat" (Fig. 2) . The squat lifting and lowering technique in which the lumbar spine is aligned in kyphosis 2. We believe that the difference in timing between the compared activities was nominal (an average of about 0.1 second) and does not warrant concern for how this factor might confound the interpretation of our data.
- ' P < . o~.
Physical Therapy~olume 72, Number 6lJune 1992 the most critical for protecting the lumbar spine during the early phase of lifting. Although lowering of the load does not involve overcoming great inertial forces, the lowering activity was also analyzed relative to two phases.
tor spinae muscle activity provides a mechanism for counteracting these damaging anterior shear forces. 23 The recruitment pattern of the erector spinae muscles is therefore apparently beneficial during load handling.
Results of this study demonstrate greater erector spinae muscle activity during the AT Because of technical difFiculties related to the EMG signal from the oblique abdominal musculature, data from all subjects could not be malyzed. We were able to analyze the oblique abdominal muscle EMG data from 12 of the subjects for the lifting activity and from 13 of the subjects for the lowering activity. During lifting, the greatest loading moment at the lumbar spine occurs during the very early portion of the activity,20.21 when the body must overcome inertial forces in order to complete the lift successfully. For this reason, the lift was analyzed relative to an early phase and a later phase, with the muscle strategy considered to be Physical TherapyNolume 72, Number 6/June 1992 curve of the EMG activity-tension relationship may shift to the left; that is, for a given amount of tension, there is more EMG activity. We believe, however, that the magnitude of d8er-ences in erector spinae muscle EMG activity between the two styles of lifting investigated in our study was great enough to warrant the conclusion that the erector spinae musculature produces greater tension during the AT lift than during the PT lift. Future investigations, however, need to examine the EMG activity-tensionlength relationships in the trunk musculature.
tor spinae musculature during lowering. In contrast to the phasic differences in muscle activity observed with lifting, phasic dzerences were not demonstrated in lowering. Erector spinae muscle activity while lowering a load was fairly uniform throughout the entire activity, with no real distinction between the first and second halves of the lowering activity for either style. Perhaps critical timing of erector spinae muscle support during lowering is not important and just a uniform degree of muscular tension is needed throughout the entire activity. We believe this makes sense for the following reasons: (1) the lowering activity is all negative work, and (2) there are no substantial inertial forces to overcome while lowering. We have assumed that muscle tension increases with EMG activity. Although the relationship between EMG activity and tension in a muscle of unvarying length is essentially linear,3435 the slope of' this linear relationship changes at dilferent points in the muscle's length-tension ~urve.3~ Because we examined EMG activity in the erector spinae musculature with the pelvis in two different positions, there were probably two different lengths of these muscles. We must therefore consider the changing relationship of EMG activity and tension at varying muscle lengths. Moritani and devriess have shown that systematic shortening of a muscle, which may occur during an isometric contraction, results in elevated EMG activity. Conceivably, then, when a muscle is working in a shortened position, the Physical TherapyNolume 72, Number 6/June 1992 imposed on it during load handling.25137 According to this type of model, however, a large amount of compression is placed on the lumbar spine as a result of the forces developed by the erector spinae muscles to counteract the bending moment on the spine. 38 In an effort to account for the spine's ability to handle these loads without injury, mechanisms for reducing the potentially deleterious compressive forces at the lumbar spine have been described. These mechanisms have included increasing intra-abdominal pres~ure25~39.40 and tensing the thoracolumbar fascia,l7 both thought to be a function of oblique abdominal muscle a~tivity.l7~~539
Lowering and Erector Spinae Muscie Activation
Results of this study demonstrate greater oblique abdominal muscle activity in the first half of the lift than in the second half, regardless of the lifting style. Furthermore, there was no signficant difference in the amount of oblique abdominal muscle activity between the two lifting styles. Interestingly, abdominal muscle activity was minimal during both lifting styles @= 13%+ 10% of MVIC for AT lift, x=15%+12% of MVIC for FT lift).
We believe, therefore, that the increase in intra-abdominal pressure that occurs with lifting is not solely a result of oblique abdominal muscle activity. This concurs with findings by others,41.42 which leads us to question the importance of oblique abdominal muscle activity during lifting for the purpose of increasing intra-abdominal pressure.
The importance of the oblique abdominal muscles' contribution to support of the lumbar spine through its role in tensing the thoracolumbar fascia is as yet to be determined. The adequacy of the forces developed through this mechanism in lending any substantial support to the lumbar spine during load handling, however, is questionable.43
Aspden44 has suggested that the cantilever model of the spine may not be correct. He proposes an alternative model in which the spine is described as an arch and the trunk muscles have a role in enabling the spine to respond to external loads by adjusting the curvature of the arch and the compressive stresses (or thrust) within it. According to this model, if the line of thrust does not lie within the cross-section of the arch, tensile stresses will be developed in the spine. Stability of the spine is then dependent on the spine's ability to sustain these tensile forces. Aspden has shown that during lifting with a flexed spine, the line of thrust does fall outside of the cross-section of the arch, theoretically increasing the tensile forces. When lifting with a lordosis, however, the line of thrust falls within the arch, and stability of the spine is ensured. Predicted loads on the lumbar spine during load handling using this arch model results in dramatically reduced forces as compared with those predicted using the cantilever model.
In light of Aspden's argument,44 the importance of abdominal muscle activity for effectively increasing intraabdominal pressure and tensing the thoracolumbar fascia during load handling may not be as great as once thought. If abdominal muscle activity does contribute--even minimally-to support of the lumbar spine, however, the results of our study have demonstrated no differences in either the pattern or the amount of oblique abdominal muscle activity between the two squat styles. There appears, therefore, to be no advantage to the PT lift relative to abdominal muscle activity.
Lowering and Oblique Abdominal Muscle Activation
As with lifting, there was no difference in the amount of oblique abdominal muscle activity between the two styles of lowering. Again, oblique abdominal muscle activity was minimal for both styles of lowering (%= 12%+ 10% of MVIC for AT lower, X= 14%+8% of MVIC for FT lower).
Although a significant difference was found between the first half and the second half of the lowering activity, we are unable to attribute any clinical meaningfulness to such a small difference (3% of MVIC [x= 11% +8% of MVIC for first half, X=14%+10% of MVIC for second half]). As with the erector spinae musculature during lowering, critical timing is apparently not important for oblique abdominal muscular support.
Llmltatlons
Because the lifting event was operationally defined as beginning when the crate left the floor, as indicated by the pressure-sensitive switch, the EMG activity prior to this time was not quantified. The erector spinae musculature, in particular, often exhibited a substantial amount of EMG activity prior to lifting, as illustrated in Figure 1 . Thus, the beginning of the lifting activity, as defined, did not coincide with the onset of the EMG activity. A case can be made for the EMG activity occurring prior to the lifting activity somehow modulating the EMG activity occurring during lifting, thereby confounding the interpretation of our results.
By defining the lifting event with the pressure-sensitive switch, we were able to standardize the beginning of the lifting activity. We did not, however, have a standardized way of measuring the point at which some form of meaningful EMG activity began, as it varied considerably among the subjects. For example, a substantial amount of EMG activity sometimes occurred while the subject was descending into the squat position, and the activity continued until the crate left the floor. At other times, the EMG activity did not notably increase until the subject was already in the full squat position, but had not yet lifted the crate. A suggestion for further research in this area would be to develop and standardize an operational definition for this prelifting period, analyze the EMG activity that occurs during it, and relate it to the EMG activity that occurs during lifting.
An additional concern for our study relates to the fact that we did not monitor the raw EMG records to rule out artifact. This leaves us with the possibility that the averaging of the EMG signal may have included artifact, in addition to the true EMG signal.
The findings of this study further support our belief that the optimal position for handling loads is the squat style in which the lumbar spine is aligned in its nonnal lordosis and the pelvis is aligned in an anterior tilt. Our results provide a stronger foundation on which to base our recommendation of the AT lift for minimizing low back injury.
